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KJg*»?)7 i i/is$T-sa»c^i!iLfc«S(©^7 i 5' 

ygP^^-TSo CCAAglO&^yXSBfl-fci:, AA 
'J >^©0tefti:<SSX-^ >^W»ipt.©7*- 
W^X8*©&ttSfc#iS§l«J©H&£&-r> 

tfTJSKttCU jfco*©lWBC» *A'J>^©me 

[asm 7*-**>>y**8c*tts«fflrc>fts* 

$Hi©?5V'*.x?' y XX— A u >X;fr ^ 7 £?fr3o 
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1 

H*ttR#©®!l] 

Ai8ffl&*^XSIS:9-fcj\ #Al>>X©IME£ii;<K«lX 
- ? > X«l&A> S> © 7 *- A * 1/ > Xg¥©£ffiS t 
U©i3&£&1\ *tl&$ti±#®B<DM#T-i>>iT, f) 
A U >X©@il£ & $Mj!m&*mbZtt1fie>m®&fr 

e.g®sigffiaiST-©*¥»t:^qjtgs(isfc7>- 

:&71'>Xil£gI!>;*#£Ct* s T-££m£U *>o 
*©Pa<B9fc:, *Al> >^©®!fiflm£g{b$l*fci:&± 

i3-&««itgsa* ? c < 7 u >xse s^c 

±B* A 'J >X©1]&£ fc'VU^flir*- S * A > ^ffi 
firtSffi ; £*rr S c £ Zimttzzr v XX-a w > 

[H^S2] it** llEf^X^yXX-Al^X* 

/^tcii^-r, #A>;>7^fgB^tt> x-$ >xis 
[is^ja3] n^snse©*^ xx-auvx* 

^7tc*>VAT> 3gei/>Xi¥li, 3S**>£>&»), *©* 
IH© 2i* 1/ >X#±gB&fgl/ >XP££fc£ 7 
U VXSTtr&^T 1 s» XX-A b >XjM 5. 

[ftig©l&MttKil!] 

[000 1] 

[S»S] *$BW«s *7^7-X-A#/7£g|-r 
[0002] 

[^affiis.fcv*©^®^] *«B<jx-Ai/>xa, 

<M^S^^ft?^ s>*u u -XBtc 

UT 7 *- *7> 1/ >xs? *&®-2itz> fc©T 
5. 7*-;&XU>Xf?fciU gfgUyXSItttJfc&UT 

use: i: ft*>©g<g i/ >xs? tm&x-h zztt> 

$>Zo CCA^^AWX-Al/VXtt, *A«$*1" 

**«WSt©X-AU>XCl£<»fflShTS&. 
[0 0 0 3] CtttCftLT, 7x^XX-AU>Xtt, 

-fXWl/^XtcSfflSftcofeS. ;©7^>>XX-A 

u >xti, 

b. #XyyXrt©*A»Btt£ % g<gU>X§f£*fc 
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^ >X!frft £±T©&3rttE&&fc1^T- § S «k 3 

c. *A'j>x©[5i£££, &¥<*i£gitif&£s^§-e 

[0 0 0 4] CCXrs/rX-Al/^XH:, &¥#Sggf 
£$oaH8fc©ffl#£fei»-fc <fc S 7 A >Xx-X 
'J LT#<Ci:fc«fc{K s-^ i, >J-XB$© 

* A 'J > ^©^StftSfr £> ©* A 'J > ^© 
10 {*ffiStC^a^S«to{ca»^SCi:AST-&S©T% £ 
#$j£;&A3tJB#£iato-ffc:, 7 a— #->>XT-tS 1 

[0 0 0 5] ttz. *AU >X©@|£&£;vi/7$!|gPT- 

?5©tn x-~>^§ig (&M&mmT-<Dv:> nam 
fc-as-es^g) -?»f bus (tr> hfsg£«&@ 

20 [0 0 0 6] ^©7T5»7X-Al/>X*^7Ta> A 

T-©fe^C-&^$#S^< * a »j >x$@S5^-e-s 

(7*-*^P>X^*s#{5lU?Ba^i6Ufei:t 
©tr>Mftg©£ftS) feSfb-TSo J;<»ie>nTv^s 

^m^S§fil©S{btc?ir-r^t> h^S©^btt:^ 
^T-fe5. fc^ *A^©^X^yX&©JKlC£fcl 

[0 0 0 7] 

[|BBJ©lfl<j] *^Wttfi£oT, 7*-*-»^^g 
t£ttSSilJj»p©||g£gjjSU *»it)fe7*- *-»X 

^ff d c: tifix- 1 s^Jittc^^XT 1 >y xx- a u >x 
Slt-feofeXr y XX— A 1/ >X©* A«Jg«5:85ta 
40 [0 0 0 8] 

'>XX-Al/>X*p<7^C:i5^^T^ *A»tt, K>hffl 

XlFC<D*A«0«7fS'73»tt» ^3A'J>^©(s]fi 
50 ftt(gax-$>y|W|:*c,07*-AXU>XS©« 



hiT, #Al>>^©0«s<fc!)^^&£&<b;*i*-fc# 

B«c 7 a—** V >zm%&®2 -£ £ c i: £ S 

#fcfc£±§3ilr^m£«fc 7 7*- *xb> 

X§¥ 5 # £ *N|#B C $ft $ * S HB««ftj$ o T V > S 

[0009] *^)>7(Dm®.mm, e>nig (x 

-5>^I@Si:f bggg) S^dfe»©15lte^SAA'; 10 

[0010] *^WI±; 2'»tt±©*« 1/ >XS*£ * o ' 
X^ s> XX- A U >XA^ 7- fiftCSffl-f 5 c i:#T* & 
Ss^-Cb3»©«{Sl/>X»S*U *©*fg© 
2»l'>X#£fgb>X£«fc.57*-:*Xl/>Xfre 

fes^xfXX-Awyx^/^tciaffli-siiffs bv> 

[0 0 11] 

[«9§®fOK<Z>J£S] ZOfttfi&JIKdU 01©X-Mfc 
BfC^-ri^fc, 1»V>XL1, 2Pb>XL2, 3 20 
&b>XL3#€ft^iT.gfgb>XSrr-;i5oT, 2gl/ 
>XL 2 #7*- 1/ >X§f £jRfc5X-A U >XC 

lf¥b>XLl&^b3t?l/>XL3##«;&fafc: 
iKt^rt^tU *-©AA'Ji/7t, dixS>li*b>X 
L l>S^b3i*b>XL3©X-5>X*Ai8Z 1 
l/Z3*JKJE£$ixt:v>*i:ffiS-rs. UteKi&^ixSA 

Ay>^©niteffigj±, /vkxessii*. 

[0012] X-^>^*AitZ li;Z3«i s lf¥b> 
XLl£3|?b>XL3#g&7^;i/A® m»SB) C 30 

5>^« (a^ggaoot^-s) c*v^n»C7^M 

S (Jt&H) 4:©ES8S*ia*-r5iMi|;£j#oT^S. d . 
*lt»U X-5>^*A»Z2tt, 7-f HI* 6^1/ 
«*-e©X-^>^«rtt*V>T, l&^b8©8Xr- 

»rc»«!isn&*«B©w»ftj*oTv^. c©x- 

5>y*A»Z2©^5B^7-vX*^ TM HMfrfe 
jit, ^ry7IZ2-i (i=l~8) SI 
Kfcfc, **«*X-5>^W»v Jti?EBSoo 
©i:#, l«b>XLl, 38b>XL3i:i:fcK, e 40 

2#£2i?b>XL2©{gS!X-~ >^|W5J;Z2* £J8 

[0 0 13] ^T77SZ 2-ifc£ N =&7^^7F«3{CiJ 

(i£) ©n©&4ft?{t©ft«liftBlC 2 ff b >X L 2 

i:*«-CS*Wrea!>, <gsx-s>*m© 

Z2' CttbTBttbT^S. &£-f£7x-;>XTMi, 
C©BI&§»&£«i (oo) trnmSWeM G£) ©bu^ 
a«#«CftoT^6. ttz. H2CBfflft^-J-J:5 50 
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tc, #XyyX«Z2-iOI8J8»tttB««»Z2a 
MWtfitU *Xx*X»Z2-i (mWZ2a) 
©IStC> #fT#Z 2btfttl?g>ft?t%S. 
[0 0 14] milHVZ 2a©Sl!Jtt*©a?3T-i6?>. 
*A'J>*©#itttBttx §9rg+_h. &¥<*8§6Ifc*S tT 
7^>>XJgz 2-i©*fc:S:S?ixS. b*»u 2pu 
>XL2fct, &J6*Sif>hS|g (X-$>^89Si:f 

bT) , S/+s>*b»j -XBSfc: v 7 M$tc 
gl&S-tfS&Sa'i&S. SI8«*£Z 2afct, £©tr>h 

ush? k i a 2 & b > x l 2 ©^a»fi tmsr s tz © 

8 b >X L 2 ©&»E 7x^7«Z2- 
i©i8S5£S5ffiJ©S8B®az 2 artT-i&frbT* (§3S5 
bTi) „ S7r y/SZ 2 - i flTO^ilftli, ± 

<mmizft?ztvx-%z>. azTJutncKB-rs 

fc> S*©7^f XStZ 2- lfcX^yXBZ 2- 1 ' 
^r^7SZ2-r ©.tdfcx S9fi«^Z 2aSffl 

§5. 7f!'78Z2-l > Z2-1', Z2-1"© 
®ffl (^fi) liPI-T*2&S. ^ff«Z2btt % KS-TS 

^AAaZ2©^(RlSHgb-Cx S-X^^XjgZZ-i 
§{S»X-^>^«Z 2' {Cj£^l7S#ffl§^5. 
[0 0 15] tt±©*A«|jilC*V^T, AA';>^&i| 
«E*#5i:, X-5>^AA»Z1, Z3t<t5iPb 
>XL1, 3»l/>XL34»tU ll^tC, S^ff 
X^Z2-i(C^oT2Sfb>XL2As^»-rS. CO 

U PgE^5X5 1 ^X©||jSS§^lc:MSc:i:H:^v>. 09 
^.tf, X^s»Xl©©g«Ki©SlT-©^^lgiaitt, 

» x 2 (Dmjmmmmmx'^m^Mm t * s c t «& 

*fc % *A'J>^tt^ff^Z2bT-f^±1-Sc:i:{± 

[0 0 16] m»©»fii«i56-ett N X-$ >y*Ajf|Z 
lfeV*bZ 3 5#— ©*AU>^tJfJfiE'f"5ili:liffl'^ 
©TWii-^ffilO^feS&ft, AAU^tli, X-$> 
^AtZ2£lt§Mt5©^Ui. S8ttt, 
X-$>7-*A«iZ 2«ltS^fi£bfe3!jA>J>^3 0 

^f97fZ2-i, iaS«^Z2a, WfitZ 2 
b ©Utt WJett03 SS^bTV^So 
[0 0 17] *HJfiJBSgtt, tt±©»«C*^T, 
C X-=>7AAi8Z2 (X^yXaiZ 2-i) ©JfJ 
«SE3Si:bTV^. -r&t>*>, SX^'yXitZ 2- i 
4«n *WB<D<Eax-5>iTW»Z2* t^bT, *A 
•J>^©[5ie^i:(giSX-5><yWlia;Z 2' ^c,©2lf 

[0 0 18] mW£, V7 hflDtff-SOhHBoJBs 



ZlSffl-rZ. otitis 3gX-AU>X©2i*b>XL 
2T-f> M3S£fT-50!IT-fcS. B9fc:£v>T\ X-5 

L 2 §1816*5* A >?<D®mM(D&&X-fi 
X-$>^HS«§fiSZad j\ f bSSSffl^fiSF 
adj\ ^*y*UU-XB#K2f?U<>XL 2fc#;t.5 
^£8I&S£ Aa d j fc*S t, 
Aad j =Zad j +Fad j 

[0 0 1 9] ^mi©t>h{4eSpi:U 9-f K«BC 10 

sais-f v^y-f m (w) , * H^^fli 

(i) , xl/Sg (t) ICfcttSt^hiSSgSKw, K 

Apw=Kwx Z ad j 
Ap i=K i x Z ad j 
Apt=KtxZadj 

Zad j= (Apt-Apw) / (Kt-Kw) 
= - (Lt-Lw) / (Kt-Kw) 20 

Fad j=Lw+pw=Lw-Kw (Lt-Lw) / 
(Kt-Kw) 
Li=Fadj-Api 

= Lw+ (Ki-Kw) (Lt-Lw) / (Kt-K 
w) 

X&Zfrb, AadjHU 
Aad j=-Li/Ki 

= - {Lw/Ki+ (1-Kw/Ki) (Lt-Lw) 
/ (Kt-Kw) } 30 
f^toS-iltfT-tS. Lwi:Ltl±Sl^fiiT-fet), K 
w, Ki, KtHl/^X^-^A^Wfirt-fcS. 
Xs ^iSffiffitjSltS.Aad j t:i5*A'; >^CDiHl 

ffiS5 ; -^t:*c5<*A';>^CDiate^C, d©Aad 
•5. 

[0 0 2 0] -15, *%W<DPS£.t-tZX : ry7Z-lx 
l/>X,SCK 3^l^>X*X-5>yift^tii4--r 40 
SX-Al/>XT-(±, ft7f?rfrCOl»S«C« 

*-3<«K*fls:Wiat&ftn. *CC*»PIHU ±J6 
©«fc?<C, &x?97 p gtZ2-i®j&R* % *A«J>y 
©@te££<E$X-^>^flBf;Z 2' *>e>©2f¥l/>X 
L2©g(afii:#||ff£©l3ft£ft-f<fc?K, **ie#tt 
IMIUfcKlfctLfe&OT-iJ&aa 5 , C©§5^^lttW1-SB!i 
&*x*X*#»BT*5»£ (A AiS (7r!»7 

8t) &z2hT-*^) otstbSiiwa-ti. ft*> *a 

■J>-7©ls]!|E^ (ftAEB) i:£>h«ig©g|&li, El 50 
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1 0C^1-«fc?K#Sg}fJT-fcS#, ^fflUfc^^i/rpig 

[0 0 2 1] H5ftV*UH7«U Z<DitMm%®7fiLtz 
4)©T-feS. H5ftV>UH7C*ttSi5F* (St) ©£& 
tt*©a?)T-ag.S. AKI«;*Ay>^4»yi/*fiiK:ia 
«s* 5 i: § 2 & 1/ > X L 2 #(g«X- 5 > Z 2 * 
iP&B(i^tcS?tSAAjgZ 2 h©^r-s/X^ BEIaJ ; 
*AU>^#^u;*|«ofc:|sHB-*-3i:§2S?l/>XL2# 

<ssx- ^ > ^fi» z 2 ' ■ caas-r * * a» z 2 h ©>c 

y = f (x) ;<g«X-$>^$i»Z2' £#*S5*k 
y = aix + bi ; EMAt^JtSA A?8Z 2 h£#;S. 

y=ajx+bj ;ERaB£i>l*S#A$Z 2h*-$?L 

x ; *AiJ>^@«s^ 
y ; 2f¥U>XL2©#$fc£|R!©{Grg x 
a i ; AERgC:fcW-3*A$Z 2 h©fg^ 
b i ; AES^*^-5*A«fZ 2 h©1JW*\ 
a j ; BEF^{C43WSAA#SZ 2 h©«S x 
b j ; BEf3Ki5tt5#A8tZ 2 h©«JJt„ 
[0 0 2 2] ^^yX^^ffe-SCtli, *A« 
Z2h©fl^mi&aT-&5£i:fc:g;h.T^5„ zom& 
T-fct *AU>^©lHlfe^i:AA«Z 2 h©{5JSX-^ 
>£WZ2' *>*>©£ffiS (oS 0tt2afl^>XL2 
©gffitt) £©H& (*A$Z 2hi:<£8!X-=- 
B&Z2' i;©M£XD-.y M,fdgy = f* (x), y = 
-f • (x) ) tt, #JUgfcft«. 
[0 0 2 3] d©.t-5k:*Ag>^©lnite^i:*A»Z 
2h©<5<SX-^>X«lBfcZ 2' *>*>©£{« (2l¥l/ 
>X L 2 ©g&fi) fc©Hg#$au&-C 5 ±i£© 

taaftuT#* § t g©«is tfjsMtft * > summy 

Mtt, tr>h^Sfit^^-?,AA';>^©i5ite^^* 

y = f * (x) % y = -f ' (x) £*§^ 

zvmzt&mftmmtfcbx, trvhaset 

L fe * A 'J > X ©Uteft & Scto S i: v ■» 3 X ^ >y X* 

2#I/>XL 2©^Jt(fiBfe^IESiCft5. 
[0 0 24] 02ftV^bS4li, S5ftV%UE7©ifc«( 
6*»W©-SQBe»T»5. 02ft^^L0 
4C*I*6«F* (S) ©SStt*©ii?)T-fe-S. ft*5, 
S5;5:V>U07i:«a-ri>??^ U) C-3V%TttR9J& 

y = f (x) +c (x-xi,) ; EF^AtCiJlt-5* A 
g|Z 2h^-^x.-5^ 

y = f (x) -c (x-xj.) ; EF^BtiJlt-S* A 
»Z2h*^it5a, 
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c ; {ESX-5 >»Z 2' *>£>©;*jA3f Z 2 h©& 
&©fS§s 

y=cx ;BBAC£tt*<5SX-^>?mB;Z 2* *> 
£©;bA8iZ2h©&ttS, 

y = -cx ;EHB^c£ttS<5$X-5>r!y»l»Z2• 

*>f,©AASZ2h©^tii, 5 

xi, ^HAt^ltS^KSg^ffiST-OAAUVy 

xi, ^HAC^ItSe^JiKggeiT-CD^AW^lel 



xj, ;EKBti3ltSe^}iRg§SST-OAA'J>^lB] 



10 



[0 0 25] CO^ffiff^OltSc^tttlgebT©^ 

£©#IMIiaBttUU *A'J>^©ll^xi:AA»Z 2 
©ffiiX-$>^WfZ2' *»e>©gffiS (2Pl/>X 
L2©gffiS) fc©g8»*^fcfcaet5K£©&;h.T 
VS^i: (y= cx£fctty = - cx©H^T-&5d 20 
i;) Kfcs. SSftfcr^oi:, 05ftV'>l,07©ltSc0a© 
y = f ' (x) , y = -f ' (x) H2&VM,ia4 
©y = cxSfeliy = -cx©H^t:^:S«k-5t:, AA 
»Z2 (*7^XSSIZ2-i) ©BtfSi&Sbfccfcfc: 

[0 0 26] C:©«fc5C#A$Z2 Ur'^XiZ 2- 
i) ©B«S^1-n«, *A>J>^©@te^xiP?>g 

SKi (0) fcfSi:, 30 
Ki (0) =Ki+Gix0 

Gi ;&m$.ib(D®g, 

[0 0 2 7] iot> :©Ki^ ft©t>h!l®fi© 

sc. 

Aad j=- {Lw/Ki+ (1-Kw/Ki) (Lt 
-Lw) / (Kt-Kw) } 40 
©KiKttA-rftH, Aad j £#©£C i:#T&, £ 
t,(C, d©Aad jSfcSOCjfcRfcjtiAyvyOEME 

A0i=Aad j/c 

ft¥{*sgeitsffitcs^<*A';>^©i5]SE^t, c 

AA»J>^$|Hlte$#nKiVi„ 
[0 0 2 8]*^Wi±v #±©.fc-5&X-$ >**A* 

z2s*-rs*Ay>ys^x»ibTiH»E$*sc so 



:ktft?, *©iittttfc$MgttE3t>&i^ #fc3f* 

X-A b >Xt ®E Ufc«tM6<)*«J5K0O^ittBJ-r So 
[0 0 2 9] 01 14>t,El 4t^f,fc-5t, 7<.7"y7 
X-Al/>X**5 5B\ £^7*7^ 9£X-Al/> 
X^©1 0£fi|;LT^-&,, A^^^-f 9rtg»£fct:7Vt 
-T^-ffil ltfg^fu C©7VS-t^£1 l©3fcttl 

*-+l 1 aSJKfiELT^S. lWBuSBtc 

tts ss&fsu sa^^*?* 9ts££ftT^.i>. 
fiE^hxi*?), a^©i 3 ©rtj^s Kittle. tc> 

[0 03 0] @£gtf^ 1 3 tctt^O i:¥fT*^lRl^tU 
X&l 3 a&Bf&ZtlX^T, -l©tZJ*SBl 3aCX- 
A** (^at;-*» 1 6#%L*)mf<->tlZ. X-A 

^ 1 6 a> i: fcTEnraigcaa* 
*©e-*^©&®*^tiB©i#*$i 3 a*>e, 
ss&m 3©rt<K!i££aj£ftTv^. *^7^?-f ^ 

UiX-A^-^Mtf&SStlTfctK C©X-A*- 
^M©Kfi)^©[llteO:, X-A^f^J8^^-bTX-A 

^i6tce^^ni.. 

[003 1] X-At-^ MClEiftWttt^SC©^ U V 
h#«J*SftfcXUv hRffil 2a#HS£ftT33'K 
C©X'J y }-Bffil 2a©HlfiS7*h^^77i' 1 
2bT-tfcffi-f X-A*-*M©Sg|&fi£ 
tk&i-ZZt&T-gZo X-Al/>X^m 0©|$Ui& 

ifiRWi&ffga:x-A ; E-^M©®i!ia(c/sc.fc*©T* 

* 1 2bfr&&S/WXttfflfMffl 2 (015#{8) £ 
ffl^T, &i$tS*Ay>>/3 0©i]!i£:fc£/t;i/*©J» 

[0 03 2] B£ttft 1 3 ©H^U H 1 4 fctt, Jg 

1 Mi 1 7 ©^waH©wiif*fic«fiesnfcit->. ya-r 
«>(Btt. aia-m 7 ©a^sa^^stsaj u&v 

Jt^'Ja^ H 1 8^fiK$h.feH-ffl®±C > 

-r k 1 8 1 wrtefc&cDH-m**® 1 9*s©itc,nxv> 

5. * ft^ft©^*-^ 1 9©ill)ti0i:ffi%5 
"lflifcJKl«**iT*») % diit±§3X-A^ 1 6#iffi£- 

ut^s. Mti^m 7©rtia®ti± s 
fc¥fffii*i3t*aRoHMiai 1 7 ammztix^ 

[0 03 3] *l*ffil 7©«g|5(Ctt s miKjl^S 

2 0*sEiS:$j^Tv^i,. z<om l »3t*rtS2 0(i, 

la, 2 1 b#¥&%GM.Ztz3m$tiX}5t), ZO- 
»©77>^g)52 1 a, 2 1 btC«£ft,£SB## x 
Oer^.C>t1-*^tt^2 1 ci:^TV^S 0 -15. %\ 
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ftfii 7©rt/iS©^set:l±x Ji#iR)t<ae£gfc£> 'J>^3 0©rt/i®t£§8:Lfc&S©&£m3 2£, 3g 



n©ft£m 2 3 ©p^tts s i mmmtom 2 0 u seRjigtc^^ns . 

fe^««2 1 ct»UTJfe«lOi:¥fT^|p)tCli^% [0 0 3 9] £feS 2 KitfSirt3i3 3©&SgtCfct fljfr 

l*fiSl 7i:SlGa3i&rt3|2 Ofct, 3fctt*ftClifl*r *l-tti©*iB*rtS88 3 6 (i, £ 1 BjiSgrtS2 0©|*) 

[0 034] ztzmim.mmftm2o<D'&s$uz&, 10 tgtc&^LT^s. &2m&$z?mz 3B\ * 

lSCffififc*&&'*T* *g*l^*ca*cDi»l«rt «to5f|q|Ctt*A'J >^3 0 ^fflttWFfgTN JSlltiB 

£jg2 4*»SattSnTH*. *ii*ft©«jIgSrt3Se2 l^2 0*#UTB;Eimi 3C»LT*jl*flgf*i 

4tt, HSimi 3©rtJBfflfc^Ufc«R©It»*rt TO*. 

*i 5c*n?*iiittqrt&(:flteLTo«. ft^T> * [0040] S2*ffi4oau *a»j>^3 o©*j^s 
i Kjtsgrts 2 0tt, umisfaxz&m i»*i7 a^ti i a* i 7 £* i eaturtsi 2 0 ©stc^e u 

t^l&SixS* 5 , JfclftOttf'&ilf *«*filCtt % TfctK &flW*ffi©M3Bfc^bfc1£»©lal«s£a^. 

ami 3C»r««jrateW»H?tiT0 5. otDifi £4 lft x £1*1*1 7©rt«BC«jsSUfe*»llOkJ|e 

jftgpg^tlTViS. fffc#lRl©«»©laH6e>£» 1 7 atSaoligfc^S 

[00 3 5] £U©»1*«1 1 tmim.^nM2 0 ttTO*. ^T, £2*fS540fct, £1*131 7c*f 

#X-A1/>XIHI1 0©»l«fll«»*«|j«r*. C 20 UTttx ««Hfc*-T» *oM6lttOk3Mf<t*lqlttt« 

1 6*»BBe©l/>^iWfl#|q|Ciafc*ii*i:s *m*ir • [004 1] *AU>^3 0©lWISCtt» 3®m©«J 

SP1 9£*-LT£l*f*l 7#HC3*U 'M^'Ja-f H £ff 3 8«*?« U73 7#s$tt£*iTOS. £2*fS 

1 4tffi^«;3'f H 1 8©H^t:J:oT@^©l 3*» 40fc£, rtJi®©B5«MCv CL©tfJ&gB3 8 (CtR^liJtg 

£>£1*®1 7#®ii£Lfc#S>Ji!>tb;*ftS. HftC, &3oO»M3 9#, J^l£|Ctfc@£#lfc£i*Ti|Ml 

£lifijl?iirt3g2 0i:£l*m 7 l±ffl»[Hl!|EDrigtm #lRJF*J#£3!i&£*TOS. Z<D&-&JK3 9tH0X®3 

&-&SftTV>-5fctf>, £ 1 2 0 @j£^f* 8 S^Kfbffil) >^4 2Sm)SgSPtlilO/t 

1 3fcttUTiljiSgrt2ft&* s S>£l*fit!l 7£#tc# tt£;:i:K«fcoT, #A<j>^3 0i:£2*f3i4 0fcl: > 

[00 3 6] SI ffffSft* 20 ©|*|JSBfctt> ±13181 30 K*g£$ftS. S6oT> £2*f*4 0li£l*fiSl 7K 

^'Jn^f Kl 4i:PI««*ra©Bt^y3-f K2 l&WtiS. foTBiU #AU >^3 OlcmfejiZ-ZZZ. 

£*lTV>5. «l'nt*A3Q2 0©rt^HCtt#e)tC, . [0042] 61±©*AU>^3 0 % £2fiilg|^3 

3(MOfcTO&**©B«*rt*2 8 #JP0>5nR!K<ftm£ 3&tf£2*fiS4 0#, X-Al^X&jSJl 0©£2|£ 

*fc&*T*as*iT,Toi. uas«ttj£*-s. £i«ai©S5fc««?-s8i*fiii 

[0 0 3 7] SI raSrt«2 0 ©rtSflfcfcJu «M3 7#@tebTa^{§il 3 J;t)^Dtb^n5i:> see 

-< K2 7C«^1-**^U3W K2 9£*JfHt*-f-£ g«l 7 ai:@i|E£jgg?jg4 l©§§&tcfcoTs SI* 

*AU>^3 0tfEI9:#tlS. ffi^'J3-f K29fct> d fSl 7 £:&££2*f*4 OtfEIESftS. £2*f*4 0 

©*A«;>^3 0©*Ji®±#£J&fiS£ftTO5. £ ©@£&£ttS*A 'J >^3 Ott, fflK U 3 -f K 2 7 i: 

fe> *A'J>^3 0©rtiiffl^{*t:a:, M^»Jn^K2 It^'Jn'f H 2 9©K^K:«t S^fS13K:»LT 

OtrnmrntiftOM^V^J Y3 i&B&ZtiZ^Z. 40 liSl*1Sl 7©[§te^|qjh|3l^(pItlllteb55;Asc, > S 

c©*A'J>^3 0©rtJi®©&«gg|5{cfcl, Ji^lSlttt 2*j§i4 0i:ft{cSliajiSgrt3S2 0ipt,|IDai$n 

B^^'fe^^T, ^g^fSJrtS OfeiSCMfOI) ^m&<Dm 5. BI«ffc N S2il^rtS3 3tt, *A'J>^30i: 

•&M3 2 (H+Ctt— 3©*ft^-f) * ^ ^^nTV^ «»Ht"rffiC|g*SixTV^Sfe»» ft&$rt£iB3 6 

i:ttji^rt^2 8©R^t:«toTSliljtllP ( 33S2 Ot: 

[0 0 3 8] *AU>^3 0©(^gg{ctt, S2itjt^rt «jt*rt3*V3"^ * A >^3 0 b&£%Ml3fa£.& 

S3 3^EiS$^^TV^S. c©S2il3t^rtS3 3tt, . ft-fS. 

«*tta©affli!C, ^lSl'N¥fT'5:-M©7 7>^ge [0043] A A -J >^3 OWrtffilltctt, S3*ff45 

3 4 a, 3 4b* s *S^[S]*^t^B§:^ixTi5t), C© *sEi5^i^TV^•5. S3*1§4 5©rt«Ctt, $fci£©S 

-»©7 5>^gB3 4a, 3 4bt^SiT5g|5^* s s 3t 2ffiE3|SA3R3 3tfttSbT^«. S2iffii!!gA93 3 

ttlO$*<C>i:1-i.5Rtt«l3 4 cttevX^Z. ±I3AA 50 ©*JfHt(i, jtttOfcWCaa©^ Ki/-;u3 3 



ttI3 4cC««)5^J:l:j;!), AA'J>^3 0i:S2 



( 

11 

-f Kl/-;i/4 5att, ^n^*i* s ^2BitS^3 3tc 
IBItfctf'f KU-;U3 3aCJSI6°JtEC{&-&U Ch?. 

ckfc:«fcoT, SfS3*MS4 5li, Sg2fiii 
UrtS 3 3 \ztt L ZXm 0 1 ¥fTfc#|6|tc*B*H£B °Jtg 

[0 0 4 4] 83ftfiS4 5©&SS*JiBCfc)u #A'J> 
if 3 0©rtfflfflCi9!ttfcfli'N'j3^ K3 1 

M^Un^f K4 6^JfM^nT^S. *A';>^3 0tf 
«ltilI5l!|£SfT^i:S3^®4 5t0l|E^tfiD^.f,fLS 

^3^«4 5tt^2fi«3grtS3 3t«toTitat3g 
rt#*lT^5. *©£«>$f§3fl.fS4 5fct, *A'J>X3 
0®l$HiBiiEI$Klicftk-&£B«E#-*\ M^Unf 
K46i:llt^'j3'f K3 l©H^t«fc^T, @J£^1S1 
3 t*tL-OfcfftO hW^lRlCitjibooAA U >x 
3 Oa^&DttiSttS. ^3^fS4 5tt, U> 

X^fSi©^3i^tB©a5S«fi£bTi5t)^ Jf^'J:^ F4 
6©*«*|q|©«tt % 83^3)4 5 ©g*i|§lttil$C0»S 

[0 0 4 5] S2a«^rt3S3 3fCtt, Ji®©-gB&1ZJ 
SSsbTx 3*©2Pig3i^^';>> b5 0*S3fc660fc^ 
fffcttSI1*C^j£;*iXTV'>5., fcy^^XX-Al/VX 
*^7 5iCi3V%Ts 3ffX-$>Xffl©:*JA»tt2S3g 
©«fr*frfeftoT*D» «2Ki«rt3|3 3Ctt, 2 
gfttjt^l^^ >J y b 5 0 CM LTUft-fZ 3 *© 3i*ffl 
X-^^bAftZSatf&jgSiv 3^®4 5©|*9 
JfltliAA^Z 3 afcE?«FHfc:*|fTfS 3#©3t? 

«x-5>^*A*z3b*9ia«*nT^*. c:©a*. : 

3»fflX-5>^*AtZ3att, S£2fijIJgrt3i3 3 

[0 0 4 6] *A'J>X3 0©fcJI3Bfcfci\ $teS£ 

rt*AU>^3 0cDB<EA2:ffi9®X-^>^|U»z 
2* »&©2*l/>XL2©K(ftS£tfft&©Nft«& 
■f £-5 CiMStf&SSixfe 3 *© 2 S*/8X- 5 >X* A 
*Z2jWEjjtSiiT^S. 2PfflX-5>XAA«Z 2 
©ftxy'yXtt*6fc, }ff£$SB©Bffigfc±iE©P!g8i 

[0 0 4 7] SI3fl.13j4 5©rtSISJCttl8?b>X#4 7 
#®%.2t\Xii>), £©1»1/>X»4 7C1*1/>X 
Ll*HS»3ivO*S. 1»1/>XL1B\ *3*ft4 
5i:*C*«;i5ffcCe«»»;*tix £3*«4 5#iBja 
bfckS01#l/>XLl©»»W»tt, HlC^tJ: 
5fc«B©X-A|W*i:fcS. ^iD'^r^X- 
Al/>X*p<7 5T-tt, li?ffl©X-<>X*AS (Z 
1) ttlMtT^fc^* 5 , **BB# 1 »U >XL 1 ©ig© 

]#b*hi$ &©t-&v>c: fcttjtca^&a o x-fc s. 

[0 04 8] 2»a=y M 8tts 2ffl/>XL2£« 5 



) &PI2 0 0 0- 1 9 9 8 4 3 

12 

«rr32Sl/>Xl*4 8 at, C© 21*U>X#4 8 a 
tfaSSftS^s/^XDy* 5 4i:4»c»^oT*?), 
i't'^70 5'i'5 4©8JgCli3^7-f FK5 5 
#&#EK|jt$*lTliS. *Ji*ii©yl5-f F«5 5 

m2 s&g as 3 3 izmm ut: 2 tfffitsgrt* «j ? 

h5 0CX5<f l«attfc*rt*ilT^4. ££>tC3o© 
MR 5 5©*tl**lCtt*ff*fl^*C2»*A 
7*075 6#£&$fV *2B*A7tD95 6tfA 
A»J>X3 0C»rtU&2»fflX-$>^*AiHZ2fc 
6v&LTV>5„ fl^>T\ AA'J>X3 Otflalte-rSi:, 
2fri=srh4 8tt. ifiii§g|*9;**T,oo2iffflX-?> 
X*A«Z 2©W(C^UT3tffl^fRlt:m^©jiii^i6 

[0 0 4 9] 3»a=*M9UU 3§¥1/>XL3#3 
»3a*a4 9atfiW**ifc*is6i:ft-»T*9, 3P$ 
S14 9att % BU*^ta-rS3t>©3gtB«5 7S*b 
tv^£. *ii*ftosm«5 7t:tt*a*ia»*'vSStB 
■fS3P*A75|-D!7 5 &ifimVt>tl-C^Zs Z<D3m 
AA7*D75 8tt$fc&©3S¥fflX-^>X:*JAjgZ 3 
a&mSbT3PfflX-5>X7JA^Z 3 bC^-g-Sfi 
5. i©«jgCi»), *A'J>X3 0#@teLfci:£fc 
fcts X-5>MAiZ3a, Z3b©-&J5MW»fc < t-3 
X3&JjJx7*vy5 8#fgrt£*w 3»a^>yh4 9 

)&ij*A«z3a, z 3 btf^n-en^tat^f s^fT 

[0 0 5 0] 28fc3.^y M 8i:3i*-3.-* M 9©B3 
fctiU >W*?*^A|*SJ8©E«ito5 9#ES*lT 

F 4 9Hafcl(D?fii«*fc**]L*n»lll<t»SftT^*. 
[0 0 5 1] X- A V >X*©#UStfB*tt % $ 1 ftffi 1 

7 tas?ixfcX7^ 6 2t. mi mm&nm 20©* 

«BCJBW*n&X-A3-K«6 3©fflgW«lcj:o 

tsmm&ommimtLzikiiitzztifiT-zz. 

X-A3-H«6 3 i: CPU 7 0ttFPCS«6 0^^- 
• bT8«* Jit* D , SS l l 7 k* l 2 
0©4fl*tEItet:jSbTX-A3— K«6 3i:X7->6 2 

©fflssffiHtfaeft-r* t«uisiE«i Ux^x) 

ix5. HI 6Jc^-ri^K:, X— A3— b*«6 3©3- 
hv^->tt, SRi^ffi 7i:»liSjllgrt^2 0©- 
£©@fcfc©3Wbri:CX5i'6'2©2J8jSii:*rr* 

[0 0 5 2] 01 5fc7f;1-«k-5C, 7f^7X-Al/> 
XA^7 5ii$e,{r s X-A«f**«6 4, 
'J-X#g6 5, aE^S6 6&tfll^J»6 7&fl|it 
T*9v **«ttCPU7 0t««SixT^*. X-A 

tm^m e 4 a, x- a u >x^« i o cx- = 
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x\ *(D-$mLz-m&^$$L6 e^owm^tmx,^ 2tx-An-K;R6 3#s»£*itj&£ 

©6 7^tD«a#*i<&£#*. -®ffLT±8Bi>^y^^ ^^x^7'l-8C^)V^r^l^^ai^n^o S-X^y 
Dy*5 4 ^t^^7D^^53lt SI X£i>UT«;, ^fS£JRSA K«) 

^^U-KSBrSWFHIWtt'r*. CPU7 0C85 ££;Vl/X#£> hCDSipfc-T^. 0^Lfc^#*x^ 

SltSROM (EEPROM) 6 8 MJtt&ixT^S. 10 yXX-A** =7 5 B\ «K**»i:ttgiJt:7 7-f>y 
[0 0 5 3] ROM6 8£fe\ &i«^Ty7rtC ***S*bTV^Sfc»^ X-AS«ST*it 
i>^T, fflBSafBEtt (00) *>£>§*Iii^ffigf (2) I/>XL 2 tMttRi:Si$#SU[tt&^ cfcoT 

[0 0 5 4] £ ££R0M6 8fctt, &RbAEtt*?y [0 0 5 7] i©«f«tt«t*V^Tl/ 'J— Xtf* 

rrtc*»*b:>m»s (Aad j) £^*fc#><2>± #b£ix, »j^«6 6fcj;*BE»ff#fTto*isfcc 

Aadj=- {Lw/Ki + (1-Kw/Ki) (Lt -v&£nr£{4M£ 2»l/ >XL 2 

-Lw) / (Kt-Kw) } 20 A»J>^3 0CD|llte^^ROM6 8t1SjWSttfe7^- 

A^i=Aadj/c ENEftfe R OM 6 8 GD^> HSBt 1 -^^ &tt*ffi£ 

fctf^&fig&tiixTV^o *>t 4>&<i:' ix, ±gB©^^- AS^^t 1 — 7>;&>£>gd^— # £<&t> 

fe7-f K«fc^l/«T0K>httBLw, Lt£$|£L *T*AU>^3 0©«»»3fcElteft (#JtttB) 

TROM6 8£«£&tr£> fil±© 2SU D&<£jSE§& #>*>ix5 0 *»6nfeIsWEft«ffiBtt^ A^X*£>h 

§ br > h A U > ^ 3 0 CDBtsA.WV 6 S9ttBC£t* £*AU>^30 OHft^lSttg OM 

n^o cabT»fe^>mBffl©*Au>^3ocDiHi six, *a»;>^3 o^KS^ffiB^e>^sn^iHite 

[0 0 5 5] tt±0^fy7X- AU>X*/7 50X [0 0 5 8] £CT w;— X#* >#±#b£iXT$'* 

-A1/>XSU± N JfeOidfclWFrs. 01 y^l/y-X*«6 5*fe*>e*#X**ix5^ X 

fAttB&SlittHI 2©W>'*B^&X--A*-*M# -A^-*M£SK©LTX--Al/>Xg|©l 0 &«lttf 

»a*lRl"K:e»Sn*i:s B*fc«l 3*.&»l*m GlC»«s*** 7^>6 2fcX-A3-M86 3 corni 

7#HSl/tll!>tH3*U £lBXSftB2 0tts @£ ttdu tttt&m&Wfr*X-A*-*M<DsVlZ* 

ftflfl 3fciiJtSRrtSix«:#fe»l^Hail 7 fctttCHU^ ^>hSRIJ6r*« fbt^ ft£«@Lfc;Vl/X&#& 

'v&grTSp *2ft«4 0fc«C*A';>^3 ai2ft5£X-A^-*M£f§*±LT, 2^1/>XL2 

0#»1*MI1 7®lHlte&|fi|i:|5l*|q|K:lHWELft^6, £-&M&tf^> hHfi^a^ix&ffiatftftptTaetf 

»lffit*rt3B2Q*6l»5Ul*n4. BEfc* ^2K fTfc>ii5o JUHKEtt* X-Al/>X^®1 OttBtfft 
Jt36rt3H3 34S*A>J>^3 0i:#t:3fciai*BfciIJt» 40 JEcD^^iyrrfcCD^affiaiT-SSo d-5 LT> V 7 

ttU »2BJt*rt3«3 3Cliai3lSrtSJxfc»3^«4 h»ft^> h«»ft»ofc^«llWft 2»1/>XL 2 C- 

5^ *AU>^3 0©E»BftgH-T*l*SiJ*K:»» ff t>t5^ i/t^ 

U R»3^«4 5«cH«?ixfcl»l/>XL ^U-Xl^fc±»(D'&*|ftfffefT'5 «t5t LT^Stf, 

tJ*^«Bfc£»3ixa. d<Z)£:£ N g§ 2i!iI^rt3S3 7*-*f>>y©EiWKS8ttcixfc:B:|SS$ix"r, 09* 

3fc»3*B4 5C»*bfc3SflX-5>**ABZ tt«e«TI»AT7*-*^l/>X»*djlllttBC*» 

3a, Z 3b<DgftK«£oT, 3?¥b>XL3^*#Bu ?ttt)ib*K &X^^XT*©X-AU>X 

*C«BcDW»t?»»$iiS. ^fc2g¥l/>XL2tt, JW©^lttR4>iaBgJBfc*aoT^T* it^ 

*A»J>^3 0^JEjaLfc2SfflX-5 >^*A*Z 2 [0 0 5 9] JfeJ£Utat), tt±©7*-*S/>yfW 

K£oT, HI C^-r*«JB©»B«l*T-3fc«l¥fT*fiI ;C*V^Ttt, 2§ffflX- 5 >?t> A^Z 2<DWt&&fi A 
Cl»»t5. Bl 3®^l/«*5>X-At-*M*JRtt 50 U >^ 3 0 i:<5SX- ^ >^flBf Z 2 ' 



-X^a6 5tt. l/U-X*^>frfe«JES*ix5*© 



[0 0 5 6] #acD«jSffittT-©7*-*S/>^IM^H: 
»©i^C«!l»*ix*. X-A»flF*a6 4*18ff-r* 
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Mtztzib. z> vmmmv±% <xv&2titz®&& 

[0 0 60] 

[%,W®1to%) W±©<fc7K*S£ii8tc<fcixtf> me*?- 

*fte#tt?Ma^©ff£t*fc:Si&u *o*a«cd& 
xx*X©Pi<I8Hc:, i!r«*ifg£fifc-5ri:fc<7*- * 

fc©T\ 7 *-#»>>^SgCibM* £>#«©*££& 
iS*fgfc7*-;fr^>^£fT7C£#T-t3<IJg 
tt©iSV^^ s»7X-A 1/ >X*;< 7 £ d i:#T- § 

ismommasmi 20 
#$§wfc£sx-7 i yxx-Ai/>xa*7£3 

8fX-AL'>XlCigfflbfc«-&©X-$>^fl» (#A 
[0 2] 01©X-S>y*|j*©'2i¥l/>X (£fgl/> 

xmrnmyx-x^yzm) ffifitt©-sp©i£*0T- 

6 £>© 

[03] E2©2S?b>Xffi#lB|;£Sttirrs^7 7T-fe 
•5. 

[04] 02©2»l/>XffltW£&IBt5^77T-;& 
S. 30 

[05] itmmtLXTp-t, 02tMjiS-rs2apu>x 

[06] 05©2Slx>XfflfU0|;Siftrat5^77T-fe 

[0 7 ] 0 5 © 2 m v yxmw&zmmt * 9 5 7 
5. 

[08] 2f?^>Xffl#Aig£;frr**A'J>^©jltt 
«5^1-MM0T-i&So 

[0 9] @eft£>'vi/^ss^tii»*A>;>ytj;t)y 

7 h&KfT7X--r./^S3g£gftHJ3-fS0T-fc5„ 40 

[01 o]-.3bA>;>^®ia«Ai:, &i/>xs©K>b 



[011] ^WCtSX^yXX-Al/VX;!*;*^ 
• 3 PX-A U >XtC®^ Lfc«£©«ftl$&«|>S«tiS£ 
3**, X-Al/>X&®©JKI(W@©±¥8ri80T-<J5> 

[01 2] 01 l©X-Alx>X^©>7-f KSgK^lt 

zmmmmx-nzo 

[01 3] 01 2©X-AU>X^©©^U«gt:i5«t-5 
ffiflWB0T-&5. 

[014] X-Al/>X^®©^^jI0T-*i.. 

[0 1 5 ] 0 1 1 £v> t0 1 4 izmMmm&ZTjxtzT 

f XX-A U >Xjb* 7<Dfflffl®m%&m?7ti y V 0 

[016] X?!yXX-Al^>X*^7ffl«^Eg|8^di 
«S«©-0HS^1-JIS0T-fe 5. 

5 ^Tf7X-Al/>X*^7 
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■ft t^p 


i o 


X-AU>X^1Sj 


1 3 




1 2 




1 7 


maws 


20 


m i mmmm 


3 0 




3 3 


^2it3i!g^ 


40 


^2^{§i 


45 


^3&f$ 


5 6 




•5 8 


3P*A7t|-U7 


6 2 


X7> 


6 3 


X-A3-K« 


6 4 


X-Aii##8! 


6 6 




68 


ROM 


7 0 


CPU 


L 1 


1PI/>X 


L2 


281/ >X 


L3 


3S¥b>X 



M X-A^E-* 

Z 1 X-~ >^*A« (lPffl) 

Z2 X-$>^*A}J} (2Sffl) 

Z2' «»X-$>irW* 

Z3 (Z3a, Z3b) X- ^ A» (3SMS) 
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#gg2 000-199843 



[01] [03] 




[02] 
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ftm2 000-199843 



[06] 



[08] 



y-Bil 





Li L2 L3 




[01 0] 




I5C 1 w 
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SPECIFICATION 

[TITLE OF THE INVENTION] STEP ZOOM LENS CAMERA 
[ABSTRACT] (incl. modifications) 

[Solution Means] Cam grooves formed in a cam ring to be 
pulse-rotated have a plurality of stepped portions which are 
displaced with respect to a nonlinear imaginary zooming locus 
for changing the focal length without changing the focus position, 
and divides a region from the wide end to the tele end into 
a plurality. The stepped portions of the cam grooves themselves 
are shaped to be nonlinear so that the angle of rotation of 
the cam ring and the displacement amount of the focusing lens 
groups from the imaginary zooming locus establish a linear 
relationship, and the focusing lens can be moved to a position 
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at which focusing is possible on a sub j ect in a range from infinity 
to a shortest photographic distance while changing the focal 
length in accordance with the rotation of the cam ring, and 
at both sides of the grooves, adjusting regions are provided 
to allow the focusing lens groups to simply move in the optical 
axial direction without losing the focusing function when the 
rotation position of the cam ring is changed. 
[Effects] A highly reliable step zoom lens camera is obtained 
in which highly accurate focusing can be carried out while 
reducing the burden of control when focusing and adjusting. 
[WHAT IS CLAIMED IS;] 

[Claim 1] A step zoom lens, comprising: focusing lens groups, 
which advances and retreats in the optical axial direction 
following cam grooves formed in a cam ring to be rotated, wherein 
the cam grooves have a plurality of stepped portions, which 
are displaced with respect to a nonlinear imaginary zooming 
locus for changing the focal length without changing the focus 
position, and divides a region from the wide end to the tele 
end into a plurality, and the stepped portions of the cam grooves 
themselves are shaped to be nonlinear so that the angle of 
rotation of the cam ring and the displacement amount of the 
focusing lens groups from the imaginary zooming locus establish 
a linear relationship, and the focusing lens groups can be moved 
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to a position at which focusing on a subject in a range from 
infinity to the shortest photographic distance is possible while 
changing the focal length in accordance with the rotation of 
the cam ring, and furthermore, at both sides of the grooves, 
adjusting regions are provided to simply move the focusing lens 
groups in the optical axial direction without losing the focusing 
function when the rotation position of the cam ring is changed; 
and a cam ring drive mechanism for pulse-controlling the angle 
of rotation of the cam ring. 

[Claim 2] A step zoom lens camera according to Claim 1, wherein 
the adjusting regions of the cam ring are used for providing 
the cam ring with angles of rotation for zooming adjustments 
and fb adjustments. 

Claim 3] A step zoom lens according to Claim 1, wherein zooming 
lens groups consist of three groups, and two lens groups among 
them are focusing lens groups that commonly serve as the zooming 
lens groups. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 

step zoom camera. 

[0002] 

[Prior Arts and Problems Thereof] In a classic zoom lens, when 
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zooming, a plurality of zooming lens groups are moved in a 
predetermined zooming locus to change the focal length without 
• moving the focus position, and when releasing the shutter, the 
focusing lens groups are moved in accordance with a subject 
distance. The focusing lens groups may be independent from the 
zooming lens groups or may be common with any of the zooming 
lens groups. Such a classic zoom lens has been employed for 
a mechanical zoom lens constructed so that a cam ring with cam 
grooves are manually or electrically rotated in a non-stepwise 
manner. 

[0003] On the other hand, step zoom lenses are being employed 
for lenses constructed so that the angle of rotation of the 
cam ring with cam grooves is pulse-controlled. This step zoom 
lens has the following features: 

a. The cam grooves formed in the cam ring are divided into a 
plurality of steps from the wide end to the* tele end. 

b. The shapes of the cam grooves in the steps are set so that 
focusing lens groups that commonly serve as zooming lens groups 
can focus on all subject distances while carrying out a focusing 
operation accompanied with zooming. 

c. The angle of rotation of the cam ring is pulse-controlled 
so as to make focusing in combination with the focal length 
existing in the step based on subject distance information. 



-4- 




[0004] In this step zoom lens, by storing a focusing table of 
combinations of subject distances and focal lengths, the angle 
of rotation from the current position of the cam ring when 
releasing the shutter can be operated so as to accord with the 
subject distance, so that, basically, focusing can be carried 
out regardless of the shapes of the cam grooves. Therefore, 
conventionally, the cam grooves inside the steps were formed 
to be linear. 

[0005] Furthermore, since the angle of rotation of the cam ring 
can be pulse-controlled, zooming adjustments (adjustment for 
matching the focus position at each focal length) arid fb 
adjustments (adjustments for matching the focus position with 
the imaging plane (film surface) position) can be carried out 
by setting (correcting) the angle of rotation of the cam ring. 

[0006] In this step zoom lens camera, when the cam ring is rotated 
so as to carry out focusing on a subject in a range from the 
shortest photographic distance to infinity in each step of the 
cam grooves, the focal length also changes from short to long 
in each step. Then, when the focal length changes, as a matter 
of course, the focus sensitivity (the amount of change in the 
focus position when the focusing lens groups move by a unit 
distance) also changes. As generally known, the focus 
sensitivity increases as the focal length becomes longer, and 
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the change in the focus sensitivity with respect to the change 
in the focal length is nonlinear. Therefore, when each step 
of the cam groove is approximated to be linear, although 
processing becomes easier, control becomes difficult andhighly 
accurate control becomes impossible . This problem is described 
later. 
[0007] 

[Object of the Invention] Therefore, the object of the invention 
is to obtain a highly reliable step zoom lens camera, in which 
the burden of control when focusing and adjusting is reduced, 
and highly accurate focusing can be carried out, more 
specifically, to improve the shapes of cam grooves of the step 
zoom lens that have been conventionally linear. 
[0008] 

[Outline of the Invention] The invention is characterized in 
that, in a step zoom lens camera comprising focusing lens groups, 

which advance and retreat in the optical axial direction along 

s 

cam grooves formed in a cam ring to be rotated, and commonly 
serve as zooming lens groups, and a cam ring drive mechanism 
for pulse-controlling the angle of rotation of the cam ring, 
the cam grooves have a plurality of stepped portions, which 
are displaced with respect to a nonlinear imaginary zooming 
locus for changing the focal length without changing the focus 




position, and divides the region from the wide end to the tele 
end into a plurality; and the stepped portions of the cam grooves 
themselves are shaped into nonlinear shapes so that the angle 
of rotation of the cam ring and the displacement amount of the 
focusing lens groups from the imaginary zooming locus establish 
a linear relationship, the focusing lens groups can be moved 
to a position at which focusing on a subject in a range from 
infinity to a shortest photographic distance is possible while 
changing the focal length by means of rotation of the cam ring, 
and at both sides of the stepped portions, adjusting regions 
are provided for simply moving the focusing lens groups in the 
optical axial direction without losing the focusing function 
when the rotation position of the cam ring is changed. 
[0009] The cam ring adjusting regions are used for providing 
the cam ring with an angle of rotation for focusing adjustments 
(zooming adjustments and fb adjustments) . • 
[0010] The invention can be applied to general step zoom lens 
cameras having two or more zooming lens groups, and in particular, 
application to a step zoom lens camera with three zooming lens 
groups, a second group of which is a focusing lens group commonly 
serving as a zooming lens, achieves preferable effects. 
[0011] 

[Preferred Embodiment of the Invention] In this embodiment, 
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as shown in the zooming locus of Fig. 1, the invention is applied 
to a lens wherein the first lens group LI, second lens group 
L2, and third lens group L3 are zooming lens groups, and the 
second lens group L2 is a zoom lens that commonly serves as 
a focusing lens group. For convenience of explanation, it is 
assumed that the first lens LI through the third lens L3 are 
guided rectilinearly in the optical axial direction, and zooming 
cam grooves Zl through Z3 for the first lens groups LI through 
third lens groups L3 are formed in a single cam ring . The rotation 
position of the cam ring to be rotated is pulse-controlled. 
[0012] The zooming cam grooves Zl and Z3 have loci for linearly 
increasing and decreasing the distance from the film surface 
(imaging surface) in the zooming range (photographic distance: 
infinity) from the wide end at which the first lens group LI 
and third lens group L3 are closest to the film surface (imaging 
surface) to the tele end at which the lens groups are farthest 
from the film surface. On the other hand, the zooming cam groove 
Z2 has a nonlinear locus divided into 1 through 8 steps in the 
zooming region from the wide end to the tele end. These divided 
step grooves of the zooming cam groove Z2 are defined as, in 
order from the wide end side, step grooves Z2-i (i=l through 
8) . Fig. 1 shows the classic zooming locus, that is, an imaginary 
zooming locus Z2' of the second lens group L2 for continuously 




chaiiging the focal length of the lens group together with the 
first- lens group LI and third lens group L3 without changing 
the focus position when the photographic distance is infinity. 
[0013] The step grooves Z2-i are loci whereby the second lens 
group L2 can be moved to the focus position for each subject 
between the infinity photographic distance (~) and the shortest 
photographic distance (closest), and are displaced with respect 
to the imaginary zooming locus Z2' . In the adjacent steps, the 
relationship between the infinity photographic distance (~) 
and the shortest photographic distance (closest) becomes 
reverse. In addition, as shown in Fig. 2 in detail, at both 
ends of each step groove Z2-i, adjusting regions Z2a are provided, 
and transition regions Z2b are provided between the step grooves 
Z2-i (adjusting regions Z2a) . 

[0014] The role of the adjusting regions Z2a are as follows. 
The stop position of the cam ring is set in the step grooves 
Z2-i in accordance with the subject distance in the design. 
However, the second lens group L2 needs to be moved by means 
of software when releasing the shutter in accordance with the 
factors of focusing adjustments described later (zooming 
adjustments and fb adjustments) regardless of the subject 
distance (in addition to the subject distance) . The adjusting 
regions Z2a are set to secure the movement amount of the second 
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lens group L2 in accordance with the focusing adjustment factors . 
That is, even if the ends of the step grooves Z2-i are moved 
(adjusted) within the adjusting regions Z2a at both sides in 
order to obtain a movement amount of the second lens group L2 
in accordance with the focusing adjustment factors, the focusing 
operations in each step grooves Z2-i can be carried out in 
completely the same manner. Explaining concretely with 
reference to Fig. 2, the basic step groove Z2-1 is changed by 
using the adjusting regions Z2a as with the step grooves Z2-1' 
and Z2-1", the focusing operation can be carried out in 
completely the same manner. The ranges (angles) of the step 
grooves Z2-1, Z2-1' and Z2-1" are the same. The transition 
regions Z2b are cam grooves for connecting the adjacent step 
grooves Z2-i, and act to inverse the direction of the zooming 
cam groove Z2 and approach the step grooves Z2-i to the imaginary 
zooming groove Z2' . 

[0015] In the abovementioned cam structure, when the cam ring 
is rotated, the first lens group LI and third lens group L3 
move along the zooming cam grooves Zl and Z3, and at the same 
time, the second lens group L2 moves in accordance with each 
step groove Z2-i . At this time, the focal length simultaneously 
changes in each step. However, the focal length does not reach 
that of the adjacent step. For example, the focal length of 
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step 1 at the shortest photographic distance does not reach 
the focal length of step 2 at the infinity photographic distance. 
The cam ring does not stop in the transition regions Z2b. 
[0016] In the actual lens barrel structure, there are various 
disadvantages and restrictions in formation of the zooming cam 
grooves Zl through Z3 in one single cam ring, so that it is 
preferable that only the zooming cam groove Z2 is formed in 
the cam ring. Fig. 8 shows concrete examples of the form of 
the cam ring 30 with only zooming cam groove Z2 formed in it, 
step grooves Z2-i, adjusting regions Z2a, and transition regions 
Z2b. 

[0017] In this embodiment, on the assumptions as mentioned above, 
the form of the zooming .cam groove Z2 (step groove Z2-i) is 
taken as a question. That is, the embodiment is characterized 
in that each step groove Z2-i is set so that, with respect to 
nonlinear imaginary zooming locus Z2' , the angle of rotation 
of the cam ring and the displacement amount of the second lens 
group L2 from the imaginary zooming locus Z2 f have a linear 
relationship. Hereinafter, reasons and advantages for this are 
explained. 

[0018] First, the principle of focusing by means of software 
is explained. This is an example in which focusing is carried 
out by the second lens group L2 of a three-group zoom lens. 



-11- 



In Fig. 9, in the case where a zooming adjustment and fb adjustment 
are not mechanically made, but made by setting the angle of 
rotation of the cam ring that drives the second lens group L2, 
on the assumption that the zooming adjustment amount is Zadj, 
the fb adjustment amount is Fadj, and the movement amount to 
be applied to the second lens group L2 when releasing the shutter 
is Aadj, the relationship of these is as follows. 
Aadj=Zadj+Fadj 

[0019] Measurements of the focus position Lw at the wide end 

and the focus position Lt at the tele end are made on assumption 

that the focus position before adjustments is p. Now, when the 

focus sensitivities at the wide end (w) , intermediate focal 

length (i), and tele end (t) are, respectively, defined as Kw, 

Ki, and Kt, 

based on 

Apw = Kw x Zadj 

Api = Ki x Zadj 

Apt = Kt x Zadj, 

Zadj = (Apt-Apw)/ (Kt-Kw) 

= -(Lt-Lw)/ (Kt-Kw) , and 

Fadj = Lw+pw = Lw-Kw (Lt-Lw) / (Kt-Kw) , 

Li = Fadj-Api 

= Lw+(Ki-Kw) (Lt-Lw) / (Kt-Kw) 
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So that Aadj is determined as: 
Aadj = -Li/Ki 

=-{Lw/Ki+(l-Kw/Ki) (Lt-Lw) / (Kt-Kw) } 

Herein, Lw and Lt show measured values, and Kw, Ki, and Kt show 
values based on the lens data . Therefore, the angles of rotation 
of the cam ring in accordance with Aadj at each focal length 
are stored, and when releasing the shutter, by adding the angle 
of rotation of the cam ring in accordance with Aadj to the angle 
of rotation of the cam ring based on the subject distance data, 
focusing adjustments can be made by means of software without 
mechanical focusing adjustments. 

[0020] On the other hand, in a step zoom lens which is the object 
of the invention, in particular, in a zoom lens in which the 
third lens group also relates to zooming operation, changes 
in focal length based on the photographic distance in each step 
are great, so that changes in sensitivities based on the 
photographic distance (focal length) cannot be ignored. 
Therefore, in the invention, as mentioned above, the form of 
each step groove Z2-i is set to be nonlinear so that the 
relationship between the angle of rotation of the cam ring and 
the displacement amount of the second lens group L2 from the 
imaginary zooming locus Z2' is linear. Previous to an explanation 
of this relationship, problems in the case where each step groove 
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is linear are explained (Z2h shows the cam groove (step groove) ) . 
In addition, the relationship between the angle of rotation 

(focal length) of the cam ring and the focus sensitivity is 
nonlinear as shown in Fig. 10, however, in the divided steps, 
the relationship can be approximated to be linear. 

[0021] Fig. 5 through Fig. 7 illustrate a comparative example. 
Definition of signs (equations) is as follows. Section A: step 
groove of the cam groove Z2h by which the second lens group 
L2 separates forward from the imaginary zooming locus Z2' when 
the cam ring rotates in the tele direction, Section B: step 
groove of the cam groove Z2h by which the second lens group 
L2 approaches the imaginary zooming locus Z2' when the cam ring 
rotates in the tele direction, 

y=f (x) : equation for providing the imaginary zooming locus Z2' , 
y=aix+bi: equation for providing the cam groove Z2h in section 
A, 

y=ajx+bj : equation for providing the cam groove Z2h in section 
B, 

x: angle of rotation of the cam ring, 

y: position of the second lens group L2 in the optical axial 
direction, 

ai: tilt of the cam groove Z2h in section A, 

bi : intercept of the cam groove Z2h in section A, 
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a j : tilt of the cam groove Z2h in section B, 

b j : intercept of the cam groove Z2h in section B. 

[0022] The linear form of the cam groove Z2h means that each 

step groove is linear. Based on this relationship, the 

relationship between the angle of rotation of the cam ring and 

the displacement amount of the cam groove Z2h from the imaginary 

zooming locus Z2' (that is, the displacement amount of the second 

lens group L2) (lines y=f (x) andy=-f (x) obtained by plotting 

the difference between the cam groove Z2h and the imaginary 

zooming locus Z2') becomes nonlinear. 

[0023] Thus, when the relationship between the angle of rotation 
of the cam ring and the displacement amount of the cam groove 
Z2h from the imaginary zooming locus Z2' (displacement amount 
of the second lens group L2) is nonlinear, operation for 
converting the abovementioned focusing adjustment amount into 
an angle of rotation for the cam ring that is pulse-controlled 
and provides the obtained angle becomes difficult, takes more 
time, and deteriorates in accuracy. Concretely, this 
comparative example, to determine the angle of rotation of the 
cam ring corresponding to the focusing adjustment amount, 
processing is required in which y=f (x) andy=-f (x) are divided 
into short steps and approximated to be linear, the tilt in 
each divided region is determined, and in accordance with the 
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tilt and subject distance, the angle of rotation of the cam 
ring corresponding to the focusing adjustment amount is 
determined. Therefore, it takes time to carry out operation, 
and the stop position of the second lens group L2 becomes 
inaccurate as well, 

[0024] Fig. 2 through Fig. 4 show an embodiment of the invention 
with respect to the comparative example of Fig. 5 through Fig. 
7. Definition of signs (equations) in Fig. 2 through Fig. 4 
areas follows . Explanation of signs (equations) that are common 
with those of Fig. 5 and Fig. 7 is omitted. 
y=f (x) +c (x-xii) : equation for providing the cam groove Z2h in 
section A, 

y=f (x) -c (x-xj 2 ) : equation for providing the cam groove Z2h in 
section B, 

c: tilt of displacement of the cam groove Z2h from the imaginary 
zooming locus Z2', 

y=cx: displacement amount of the cam groove Z2h from the 
imaginary zooming locus Z2' in section A, 

y=-cx: displacement amount of the cam groove Z2h from the 
imaginary zooming locus Z2' in section B, 

xii: angle of rotation of the cam ring at the infinity 
photographic distance in section A, 

xi 2 : angle of rotation of the cam ring at the shortest 
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photographic distance in section A, 

xji: angle of rotation of the cam ring at the infinity 
photographic distance in section B, and 

xj2- angle of rotation of the cam ring at the shortest 
photographic distance in section B. 

[0025] In comparison with the comparative example, this 
embodiment is characterized in that the zooming cam groove Z2 
is nonlinear, and this nonlinear form is set so that the 
relationship between the angle x of rotation of the cam ring 
and the displacement amount of the cam groove Z2 from the 
imaginary zooming locus Z2' (displacement amount of the second 
lens group L2) becomes linear (y=cx or y=-cx) . In short, the 
form of the cam groove Z2 (step groove Z2-i) is set so that 
y=f (x) or y=-f (x) in the comparative example of Fig. 5 through 
Fig. 7 has the relationship of y=cx or y=-cx of Fig. 2 through 
Fig. 4. 

[0026] By thus setting the form of the cam groove Z2 (step groove 
Z2-i), a focusing adjustment amount can be operated from the 
angle x of rotation of the cam ring. When the focus sensitivity 
at a position rotated by an angle 0 from the reference angle 
in an i-step is defined as Ki(9), 
Ki(9)=Ki+Gi x 9 
where 
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Ki: reference sensitivity (herein, the sensitivity at the 
infinity photographic distance) , and 
Gi: tilt of a change in sensitivity. 

[002.7] Therefore, this Ki is substituted for Ki of the 
abovementioned equation for the focusing adjustment amount: 
Aadj=-{Lw/Ki+ (1-Kw/Ki) (Lt-Lw) / (Kt-Kw) }, 

Aadj can be determined, and furthermore, the angle A9i of 
rotation of the cam ring required to obtain this Aadj can be 
determined by the following equation: 
A9i=Aadj/c 

Therefore, when releasing the shutter, the cam ring may be 
rotated by an amount corresponding to the added angle A0i of 
rotation based on the focusing adjustment amount to the angle 
of rotation of the cam ring based on subject distance 
information. 

[0028] By pulse-controlling and rotating the* cam ring having 
the abovementioned zooming cam groove, the invention can be 
applied to general cameras which carry out step zooming, and 
although a detailed structure does not matter, an example of 
the mechanical structure applied to a three-group zoom lens 
is explained below. 

[0029] As shown in Fig. 11 through Fig. 14, the step zoom lens 
camera 5 is provided with camera body 9 and zoom lens barrel 
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10. Inside the camera body 9, aperture plate 11 is fixed, and 
the edge at the optical axis 0 side of this aperture plate 11 
forms aperture 11a for determining an exposure region to a film. 
At the front part of the aperture plate 11, fixed lens barrel 
13 is fixed to the camera body 9. At the inner circumferential 
surface of this fixed lens barrel 13, female helicoid 14 is 
formed, and a plurality of rectilinear guide grooves 15 in 
parallel to the optical axis O are further formed at the inner 
circumferential surface of the fixed lens barrel 13. 
[0030] Notched portion 13a is formed in the fixed lens barrel 
13 in the direction parallel to the optical axis O, and zoom 
gear (multi-connected pinion) 16 is attached to this notched 
portion 13a. The zoom gear 16 is supported so as to rotate about 
the rotation center in parallel to the optical axis 0, the tooth 
surface of the pinion is projected inside the fixed lens barrel 
13 from the notched portion 13a. A zoom motor M is installed 
inside the camera body, and the rotation of the drive shaft 
of the zoom motor M is transmitted to the zoom gear 16 through 
zoom gear row 8. 

[0031] Slit disk 12a with a plurality of slits is fixed to the 
drive shaft of the zoom motor M, and by detecting the rotation 
of this slit disk 12a with the photointerrupter 12b, the drive 
amount of the zoom motor M can be detected. The protrusion and 
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housing operation amount of the zoom lens barrel 10 are in 
accordance with the drive amount of the zoom motor M, so that, 
by using pulse detecting mechanism 12 (see Fig. 15) comprised 
of this slit disk 12a and photointerrupter 12b, the angle of 
rotation of the cam ring 30, which is described later, can be 
pulse-controlled. 

[0032] Male helicoid 18 formed in the vicinity of the rear end 
of the outer circumferential surface of the first outer barrel 

17 is screw-fitted to the female helicoid 14 of the fixed lens 
barrel 13. The width of the male helicoid 18 in the optical 
axial direction is formed so as not to be exposed in appearance 
in the case of the maximum protrusion. Furthermore, this first 
outer barrel 17 is provided with a plurality of outer 
circumferential gears 19 in parallel with the male helicoid 

18 on the same circumferential surface as the surface with the 
male helicoid 18. The teeth of the outer circumf erential gears 

19 are formed in the direction parallel to the optical axis 
0, and to these teeth, zoom gear 16 engages. Furthermore, on 
the inner circumferential surface of the first outer barrel 
17, a plurality of rotation transmitting grooves 17a are formed 
in the direction parallel to the optical axis O (only one is 
shown in the figure) . 

[0033] Inside the first outer barrel 17, first rectilinear guide 
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ring 20 is provided. This first rectilinear guide ring 20 is 
provided with a pair of flanges 21a and 21b in parallel with 
each other in the. circumf erential surface on the outer 
circumferential surface in the vicinity of the rear end so that 
the flanges project outward in the radial direction, and the 
portion sandwiched by the pair of flanges 21a and 21b forms 
annular groove 21c around the optical axis O. On the other hand, 
at the rear end of the inner circumferential surface of the 
first outer barrel 17, a plurality of engaging claws 23 (only 
one is shown in the figure) are projectedly provided inward 
in the radial direction (toward the optical axis.O) while being 
differed in position in the circumferential direction. The 
thicknesses of the engaging claws 23 are set so as to fit to 
the annular groove 21c without spaces in the direction parallel 
to the optical axis Oand slide in the circumferential direction. 
Therefore, if the engaging claws 23 are engaged'into the annular 
groove 21c, the first outer barrel 17 and first rectilinear 
guide ring 20 are connected so as not to relatively move and 
so as to relatively rotate in the optical axial direction. 
[0034] Furthermore, at the rear end of the first rectilinear 
guide ring 20, a plurality of rectilinear guide projections 
24 are provided outward in the radial direction while being 
differed in position in the circumferential direction. The 
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rectilinear guide projections 24 slidably engage into a 
plurality of rectilinear guide grooves 15 formed in the inner 
circumferential surface of the fixed lens barrel 13. Therefore, 
the first rectilinear guide ring 20 is moved together with the 
first outer barrel 17 in the optical axis, however, its relative 
rotation with the fixed lens barrel 13 is restricted in the 
circumferential direction around the optical axis 0. That is, 
the ring is rectilinearly guided. 

[0035] The abovementioned first outer barrel 17 and first 
rectilinear guide ring 20 comprise a first protrusion step of 
the zoom lens barrel 10. By this first protrusion step, when 
the zoom gear 16 is rotated in a predetermined lens protruding 
direction by the zoom motor M, the first outer barrel 17 is 
rotated via the outer circumferential gears 19, and due to the 
relationship between the female helicoid 14 and the male helicoid 
18, the first outer barrel 17 is protruded from the fixed lens 
barrel 13 while rotating. At the same time, since the first 
rectilinear guide ring 20 and first outer barrel 17 are engaged 
by the claws so as to relatively rotate, the first rectilinear 
guide ring 20 moves together with the first outer barrel 17 
in the optical axial direction while being rectilinearly guided 
with respect to the fixed lens barrel 13. 

[0036] Female helicoid 27 in the same tilt direction as with 
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the female helicoid 14 is formed on the inner circumferential 
surface of the first rectilinear guide ring 20, At the inner 
circumferential surface of the first rectilinear guide ring 
20, a plurality of .rectilinear guide grooves 28 parallel with 
the optical axis O are formed while being differed in position 
in the circumferential direction . 

[0037] Inside the first rectilinear guide ring 20, cam ring 

30 having male helicoid 29 on the outer circumferential surface 
for screw-fitting with the male helicoid 27 is provided. The 
male helicoid 29 is formed on the entire outer circumferential 
surface of the cam ring 30. In addition, on the entire inner 
circumferential surface of the cam ring 30, female helicoid 

31 in a tilt direction opposite to that of the male helicoid 
29 is formed. At the rear end of the inner circumferential surface 
of this cam ring 30, a plurality of engaging claws 32 (only 
one is shown in the figure) are provided so as to project inward 
in the radial direction (toward the optical axis 0) while being 
differed in position in the circumferential direction. 
[0038] Inside the cam ring 30, second rectilinear guide ring 
33 is provided. This second rectilinear guide ring 33 is provided 
with a pair of flanges 34a and 34b on the outer circumferential 
surface in the vicinity of the rear end, which are parallel 
with each other in the circumferential direction and project 
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inward in the radial direction, and the portion sandwiched by 
the pair of flanges 34a and 34b forms annular groove 34c around 
the optical axis 0. The plurality of engaging claws 32 
projectedly provided on the inner circumferential surface of 
the cam ring 30 are fitted into the annular groove 34c, whereby 
the cam ring 30 and second rectilinear guide ring 33 are connected 
so as not to relatively move and so as to relatively rotate 
in the optical axial direction. 

[0039] At the rear end of the second rectilinear guide ring 
33, a plurality of rectilinear guide projections 36 are provided 
* so as to'project outward in the radial direction while being 

differed in position in the circumferential direction. The 
rectilinear guide projections 36 slidably engage into a 
plurality of rectilinear guide grooves 28 formed in the inner 
circumferential surface of the first rectilinear guide ring 
20. Therefore, the second rectilinear guide ring 33 cannot 
relatively move to the cam ring 30 in the optical axial direction, 
and is rectilinearly guided with respect to the fixed lens barrel 
13 via the first rectilinear guide ring 20. 
[0040] The second outer barrel 40 is positioned between the 
first outer barrel 17 and first rectilinear guide ring 20 to 
cover the outer circumference of the cam ring 30, and slidably 
engages a plurality of rotation transmitting projections 41 
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projectedly formed on the outer circumferential surface in the 
vicinity of the rear end with the plurality of rotation 
transmitting grooves 17a in the direction parallel to the optical 
axis 0 formed in the inner circumferential surface of the first 
outer barrel 17 . Therefore, the second outer barrel 40 is guided 
so as not to relatively rotate to the first outer ^barrel 17 
and so as to relatively move in the direction parallel to the 
optical axis 0. 

[0041] At the front end of the cam ring 30, rib 37 having three 
notched portions 38 is projectedly provided. At the front end 
side of the inner circumferential surface of the second outer 
barrel 40, three engaging claws 39 that can engage with these 
notched portions 38 are provided so as to project inward in 
the radial direction while being differed in position in the 
circumferential direction. By engaging these engaging claws 

39 with the notched portions 38, and further -attaching dress 
ring 42 to the front end, the cam ring 30 and second outer barrel 

40 are connected to each other so as not to relatively rotate 
and move in the optical axial direction. Therefore, the second 
outer barrel 40 rotates following the first outer barrel 17 
and provides rotational force to the cam ring 30. 

[0042] The abovementioned cam ring 30, second rectilinear guide 
ring 33, and second outer barrel 4 0 comprise a second protrusion 
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step of the zoom lens barrel 10. When the first outer barrel 
17 comprising the first protrusion step rotates and protrudes 
from the fixed lens barrel 13, due to the relationship between 
the rotation transmitting grooves'17a and rotation transmitting 
projections 41, the first outer barrel 17 and second outer barrel 
40 are rotated. The cam ring 30 that undertakes the rotation 
of the second outer barrel 40 is protruded from the first 
rectilinear guide ring 20 together with the second outer barrel 
40 while rotating in the same direction as the rotation direction 
of the first outer barrel 17 with respect to the fixed lens 
barrel 13. At the same time, since the second rectilinear guide 
ring 33 is connected so as to relatively rotate to the cam ring 
30, due to the relationship between the rectilinear protrusion 
projections 36 and rectilinear guide grooves 28, the second 
rectilinear guide ring 33 moves together with the cam ring 30 
in the optical axial direction while being rectilinearly guided 
by the first rectilinear guide ring 20. 

[0043] Inside the cam ring 30, third outer barrel 45 is provided. 
Inside third outer barrel 45, the abovementioned second 
rectilinear guide ring 33 is positioned. On the outer 
circumferential surface of the second rectilinear guide ring 
33, a plurality of guide rails 33a parallel to the optical axis 
0 are formed. On the other hand, on the inner circumferential 
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surface of the third outer barrel 45, a plurality of guide rails 
45a that engage with the guide rail 33a are formed. The guide 
rails 45a provided on the third outer barrel 45 slidably engage 
the guide rails 33a provided on the second rectilinear guide 
ring 33, and by this engagement, the third outer barrel 45 is 
rectilinearly guided so as to relatively move in the direction 
parallel to the optical axis O with respect to the second 
rectilinear guide ring 33. 

[0044] On the rear portion outer circumferential surface of 
the third outer barrel 45, male helicoid 46 that screw-fits 
the female helicoid 31 provided on the inner circumferential 
surface of the cam ring 30 is formed. When the cam ring 30 rotates 
and protrudes, a rotational force is applied to the third outer 
barrel 45, however, the third outer barrel 45 is rectilinearly 
guided by the second rectilinear guide ring 33 . Therefore, when 
the cam ring 30 rotates and protrudes, the third outer barrel 
45 does not rotate together with the cam ring 30, but due to 
the relationship between the male helicoid 4 6 and female helicoid 
31, protrudes from the cam ring 30 while rectilinearly moving 
in the direction parallel to the optical axis O with respect 
to the fixed lens barrel 13. That is, the third outer barrel 
45 comprises a third protrusion step of the lens barrel, and 
the width of the male helicoid 4 6 in the optical axial direction 
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is set so as not to be exposed in appearance in the case of 
the maximum protrusion of the third outer barrel 45. 
[0045] In the second rectilinear guide ring 33, by cutting a 
part of the circumferential surface, three second group 
rectilinear guide slits 50 are formed to be straight in parallel 
to the optical axis O. In this step zoom lens camera 5, the 
cam grooves for third group zooming are comprised of two types 
of tilt grooves, wherein three third group zooming cam grooves 
Z3a that tilt with respect to the second group rectilinear guide 
slits 50 are formed in the second rectilinear guide ring 33, 
three third group zooming cam grooves Z3b that tilt in the 
direction opposite to that of the cam grooves Z3a are formed 
in the inner circumferential surface of the third outer barrel 
45. 

[0046] Also, in the inner circumferential surface of the cam 
ring 30, as mentioned above, three second group zooming cam 
grooves Z2 are formed and set in shape so that the relationship 
between the angle of rotation of cam ring 30 in each step and 
the displacement amount of the second lens group L2 from the 
zooming locus Z2 ' is linear . Each step of the second group zooming 
cam grooves Z2 is further provided with abovementioned adjusting 
regions on both sides of the photographic range. 
[0047] First lens group frame 47 is fixed inside the third outer 
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barrel 45, and the first lens group LI is held by this first 
lens group frame 47. The first lens group LI is rectilinearly 
moved in the optical axial direction together with the third 
outer barrel 45, and the movement locus of the first lens group 
LI when the third outer barrel 45 advances and retreats is a 
linear zooming locus as shown in Fig. 1. That is, in this step 
zoom lens camera 5, although no zooming cam grooves (Zl) for 
the first group are provided, as mentioned above, the drive 
system for the first lens group LI does not matter in the present 
invention. 

[0048] Second group unit 48 is comprised of second lens group 
frame 48a for holding the second lens group L2 and shutter block 

54 to which this second lens group frame 48a is fixed, and three 
slide plates 55 are provided at the rear end of the shutter 
block 54 and extended rearward. The slide plates 55 are slidably 
guided by the second group rectilinear guide' slits 50 formed 
in the second rectilinear guide ring 33. Furthermore, second 
group cam followers 56 are provided on the three slide plates 

55 so as to project outward in the radial direction, and the 
second group cam followers 56 engage with the second group 
zooming cam grooves Z2 formed in the cam ring 30. Therefore, 
when the cam ring 30 rotates, the second group unit 4 8 makes 
predetermined advancing and retreating movements in the optical 



-29 




axial direction in accordance with the loci of the second group 
zooming cam grooves Z2 while being rectilinearly guided. 
[0049] Third group unit 49 is constructed so that the third 
lens group L3 is held by third group supporting ring 4 9a, and 
the third group supporting ring 4 9a has three extended plates 
57 projecting forward. The extended plates 57 have third group 
cam followers 58 projecting outward in the radial direction, 
and the third group cam followers 58 penetrate the abovementioned 
third group zooming cam grooves Z3a and engage with the third 
group zooming cam grooves Z3b. By this structure, when the cam 
ring 30 rotates, the third group cam followers 58 are guided 
by the composite locus of the zooming cam grooves Z3a and Z3b, 
and the third group unit 4 9 moves in a linear locus as shown 
in Fig. 1 in the optical axial direction. In addition, since 
the cam grooves Z3a and Z3b tilt with respect to the optical 
axis, the third group unit 49 moves forward 'and rearward in 
the optical axial parallel direction accompanied by rotating 
operation about the optical axis 0. 

[0050] Between the second group unit 48 and third group unit 
49, compression spring 59 for eliminatingbacklashes is provided, 
whereby the second group unit 48 is moved and presses forward 
in the optical axial direction, and the third group unit 4 9 
is moved and pressed rearward in the optical axial direction. 
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[0051] The focal length of the zoom lens system can be detected 
as distance information of finite steps by means of the 
slide-contact relationship between brush 62 fixed to the first 
outer barrel 17 and zoom cord plate 63 adhered to the outer 
circumferential surface of the first rectilinear guide ring 
20. The zoom cord plate 63 and CPU 70 are connected via FPC 
substrate 60, and when the slide-contact position between the 
zoom cord plate 63 and brush 62 in accordance with relative 
rotation of the first outer barrel 17 and first rectilinear 
guide ring 20, the focal length (step) is detected. As shown 
in Fig. 16, the cord pattern of the zoom cord plate 63 is formed 
so as to make conduction with two contacts of the brush 62 for 
each change in a predetermined angle of rotation of the first 
outer barrel 17 and first rectilinear guide ring 20, and focal 
lengths of 8 steps from 1 through 8. 

[0052] As shown in Fig. 15, the step zoom lens camera 5 further 
comprises zooming operation means 64, shutter releasing means 
65, rangefinding means 66, and photometry means 67, and these 
means are connected to the CPU 70. The zooming operation means 
64 provides a zooming command, that is, a moving command from 
the wide side to the tele side, and a moving command from the 
tele side to the wide side, and is comprised of, for example, 
a momentary switch. The shutter releasing means 65 is comprised 
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of a release button, and by pressing the button up to the first 
step, a rangef inding command for the rangefinding means 66 and 
a photometry command for the photometry means 67 are provided, 
and by pressing the button up to the second step, the shutter 
block 54 is operated. The shutter block 53 receives a photometry 
output from the photometry means 67, and opens an unillustrated 
shutter blade for a predetermined period of time. In addition, 
ROM (EE PROM) 68 to be connected to CPU 70 is provided. 
[0053] In each focal length step, angles of rotation (focusing 
table) for the cam ring 30 for movements of the second lens 
group L2 to the focus positions subjects in a range from the 
infinity photographic distance (°°) to the shortest photographic 
(close) distance are stored in the ROM 68 in advance. 
[0054] Furthermore, the abovementioned equation for obtaining 
the focusing adjustment amount (Aad j ) within each focal length 
step: 

Aadj=-{Lw/Ki+(l-Kw/Ki) (Lt-Lw) / (Kt-Kw) }, 

and the equation expressing the angle A0i of rotation of the 

cam ring 30 for focusing adjustments: 

A9i=Aadj/c 

are written in advance. When assembling the camera, at least 
the focus positions Lw and Lt at the wide end and tele end are 
measured and written into the ROM 68, the angles of rotation 
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of the cam ring 30 for focusing adjustments at each focal length 
are obtained from the abovementioned two equations. The angles 
of rotation of the cam ring 30 thus obtained ( focusing adjustment 
table) are stored in the ROM 68. 

[0055] The zoom lens system of the step zoom lens camera 5 
mentioned above operates as follows. When the zoom motor M is 
driven in the protrusion direction from the lens barrel housed 
condition of Fig. 11 or from the wide end of Fig. 12, the first 
outer barrel 17 is rotated and protruded from the fixed lens 
barrel 13, and the first rectilinear guide ring 20 moves forward 
together with the first outer barrel 17 while being guided 
rectilinearly by the fixed lens barrel 13. Then, the cam ring 
30 is protruded from the first rectilinear guide ring 20 while 
rotating in the same direction as that of the first outer barrel 
17 together with the second outer barrel 40. At the same time, 
the second rectilinear guide ring 33 moves rectilinearly in 
the optical axial direction together with the cam ring 30, and 
the third outer barrel 45 rectilinearly guided by the second 
rectilinear guide ring 33 undertakes the rotation of the cam 
ring 30 and moves forward in the optical axial direction, and 
the first lens group LI fixed to the third outer barrel 45 is 
moved linearly forward in the optical axial direction. At this 
time, in accordance with the guide by the second rectilinear 
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guide ring 33 and third group zooming cam grooves Z3a and Z3b 
formed in the third outer barrel 45, the third lens group L3 
is also moved forward in a linear locus in the optical axial 
direction. The second lens group L2 moves in the optical axis 
parallel direction in a nonlinear moving locus shown in Fig. 
1 in accordance with the second group zooming cam grooves Z2 
formed in the cam ring 30. When the zoom motor M is driven in 
the housing direction from the tele end of Fig. 13, the zoom 
lens barrel 10 and lens groups LI through L3 operate oppositely 
at the time of protrusion of the lens barrel. 
[0056] The focusing operation at each focal length step is 
controlled as follows. When the zooming operation means 64 is 
operated, the brush 62 and zoom cord plate 63 are slid and 
contacted with each other, and any of the focal length steps 
1 through 8 are detected. In each step, the timing at which 
the zoom cord plate 63 comes into contact with the brush 62 
when the lens barrel is protruded from the housing side (wide 
end) is defined as a reference point of pulse counts. Although 
not illustrated, this step zoom camera 5 has a finder optical 
system separately from the photographic optical system, at the 
timing of the zooming operation, it is not necessary to move 
the second lens group to the focus position. Therefore, when 
the operation of the zooming operation means 64 is released, 
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the zoom lens barrel 10 stops at a stand-by position in the 
lens barrel housing direction further than the pulse count 
reference position of each step. 

[0057] In this stand-by condition, when the release button is 
pressed half way and the rangef inding operation is carried out 
by the rangef inding means 66, the CPU 70 detects the subject 
distance. Then, an angle of rotation of the cam ring 30 for 
moving the second lens group L2 to the focusing position on 
this subject is read out from the focusing table housed in the 
ROM 68. Furthermore, an angle of rotation of the cam ring 30 
for focusing adjustments in this focal length step is also read 
out from the focusing adjustment table in the ROM 68, and based 
on combination of this angle with the abovementioned data from 
the focusing table, the conclusive angle of rotation of the 
cam ring 30 (stop position) is determined. The position at the 
determined angle of rotation is compared witlr the position at 
the angle of rotation of the cam ring 30 at the pulse count 
reference position, and drive pulses of the zoom motor M required 
for driving the cam ring 30 to the position at the angle of 
rotation determined from said reference position are operated 
in the CPU 70. 

[0058] Herein, if the release button is completely pressed and 
an ON signal is inputted from the shutter release means 65, 
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the zoom motor M is driven to operate the zoom lens barrel 10 
in the protrusion direction, and at the timing of contact between 
the brush 62 and zoom code plate 63, that is, from the reference 
position, pulse counting of the zoom motor M is started. Then, 
when the number of pulses operated as mentioned above is detected, 
the zoom motor M is stopped, and photography is carried out 
while holding the second lens group L2 at the position at which 
focusing and focusing adjustments have been carried out. After 
photography, the zoom lens barrel 10 returns to the stand-by 
position for each step again as mentioned above . Thus, focusing 
operation accompanied by focusing adjustments by means of 
software can be carried out by the second lens group L2 . In 
this embodiment, although the focusing operation is carried 
out when releasing the shutter, focusing drive formation is 
not limited to this, and for example, the focusing lens group 
may be moved to the focusing position when rangef inding is 
completed. The stand-by position of the zoom lens barrel in 
each step may be different from that in the abovementioned 
embodiment . 

[0059] As mentioned above, in the abovementioned focusing 
control, the form of the second group zooming cam grooves Z2 
is set so that the relationship between the angle of rotation 
of the cam ring 30 and the displacement amount of the second 
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lens group L2 from the imaginary zooming locus Z2' is linear, 
so that the angle of rotation of the cam ring 30 to be 
pulse-controlled can be determined by easy operation. In 
addition, the portion of each step of the second zooming cam 
grooves Z2 has adjusting regions, so that proper accommodation 
can be made even in a case where the determined angle of rotation 
exceeds the normal photographic range due to a great focusing 
adjustment amount. 
[0060] 

[Effects of the Invention] As described above, according to 
the invention, the form of the cam grooves of a step zoom lens, 
which was conventionally linear in each step, is improved to 
be nonlinear so that the relationship between the angle of 
rotation of the cam ring and the displacement amount of the 
focusing lens group from the imaginary zooming locus is linear, 
and adjusting regions are provided at both sides of each step, 
of the cam grooves for simply moving the focusing lens group 
in the optical axial direction without deteriorating the 
focusing function, so that a highly reliable step zoom lens 
camera can be obtained wherein the burdens of control for 
focusing and adjustments are reduced. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A diagram showing the zooming locus (cam groove form) 
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in the case where the step zoom lens of the invention is applied 
to a three-group zoom lens. 

[Fig. 2] An enlarged view of a part of the locus for the second 
lens group (a zooming lens group-cum- focusing lens group) of 
the zooming loci of Fig. 1. 

[Fig. 3] A graph for explanation of the locus for the second 
lens group of Fig. 2. 

[Fig. 4] A graph for explanation of the locus for the second 
lens group of Fig. 2. 

[Fig. 5] A diagram of the locus for the second lens group 
corresponding to Fig. 2 as a comparative example. 

[Fig. 6] A graph for explanation of the locus for the second 
lens group of Fig. 5. 

[Fig. 7] A graph for explanation of the locus for the second 
lens group of Fig. 5. 

[Fig. 8] A developed view showing a concrete example of the 
cam ring having second lens group cam grooves. 
[Fig. 9] A diagram for explanation of a zooming adjustment by 
means of software by using the cam ring whose angle of rotation 
is pulse-controlled. 

[Fig. 10] A graph showing an example of the relationship between 
the angle of rotation of the cam ring and the focus sensitivity 
of each lens group. 



-38- 




[Fig. 11] An upper half section of the zoom lens barrel in a 
housed condition, which shows a concrete mechanical structure 
in the case where the step zoom lens camera of the invention 
is applied to a three-group zoom lens. 

[Fig. 12] A side section of the zoom lens barrel of Fig. 12 
at the tele end. 

[Fig. 13] A side section of the zoom lens barrel of Fig. 22 
at the wide end. 

[Fig. 14] An exploded perspective view of the zoom lens barrel. 
[Fig. 15] A block diagram showing the control circuit system 
of the step zoom lens camera whose mechanical structure is shown 
in Fig. 11 through Fig. 14. 

[Fig. 16] A developed view showing an example of the focal length 
detecting mechanism of the step zoom lens camera. 
[Description of Symbols] 
5 step zoom lens camera 

9 camera body 

10 zoom lens barrel 
13 fixed lens barrel 

12 pulse detecting mechanism 
17 first outer barrel 
20 first rectilinear guide ring 
30 cam ring 



-39- 




33 second rectilinear guide ring 

40 second outer barrel 

45 third outer barrel 

56 second group cam follower 

58 third group cam follower 

62 brush 

63 zoom cord plate 

64 zooming operation means 
66 rangefinding means 

68 ROM 
70 CPU 

LI first lens group 
L2 second lens group 
L3 third lens group 
M zoom motor 

Zl zooming cam groove (for first group) 
Z2 zooming cam groove' (for second group) 
Z2' imaginary zooming locus 

Z3 (Z3a, Z3b) zooming cam grooves (for third group) 
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